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The  perovskites  SrCoi-yTiyO^  (SCTy,  y  =  0.00-0.20)  are  synthesized  and  assessed  as  potential 
cathode  materials  for  intermediate-temperature  solid  oxide  fuel  cells  (IT-SOFCs)  based  on  the 
Lao.gSro.i  Gao.sMgf^O^  (LSGM)  electrolyte.  SCTy  composites  withy  >  0.05  adopt  a  cubic  perovskite  struc¬ 
ture  with  thermal  stability  between  30  °C  and  1 000  °C  in  air.  Substitution  of  Ti  significantly  enhances  the 
electrical  conductivity  of  the  SCTy  composites  relative  to  the  undoped  SrCo03_5.  The  highest  electrical 
conductivity  of  the  sample  with  y  =  0.05  varied  from  430  S  cm-1  to  1 60  S  cm-1  between  300  °C  to  800  °C 
in  air.  The  area-specific  resistances  of  the  SCTy  cathodes  on  the  LSGM  electrolyte  gradually  increase 
from  0.084  Q  cm2  at  y  =  0.05  to  0.091  Q  cm2  at  y  =  0.20  with  increasing  Ti  content  at  750  °C.  Single-cells 
that  used  SCTy  cathodes  withy  =  0.05,  0.10,  0.15,  and  0.20  on  a  300  pim-thick  LSGM  electrolyte  achieve 
peak  power  densities  of  793,  608,  525,  and  425  mW  cnrr2  at  800  °C,  respectively.  These  novel  SCTy  cubic 
perovskites  demonstrate  considerable  potential  for  application  in  IT-SOFC  cathodes. 

©  201 1  Elsevier  B.V.  All  rights  reserved. 


1.  Introduction 

Mixed  ionic  and  electronic  conductors  have  attracted  consid¬ 
erable  attention  due  to  their  potential  technological  applications 
in  oxygen  separation  membranes,  syngas  production,  gas  sensors, 
and  solid  oxide  fuel  cell  (SOFC)  cathodes  [1,2].  SrCo03_5  oxide  is  an 
important  parent  compound  of  functional  materials  that  have  mul¬ 
tiple  phase  structures.  It  exhibits  three  polymorphs,  namely,  the 
orthorhombic  brownmillerite  phase  between  room  temperature 
and  653  °C,  the  hexagonal  phase  between  653  °C  and  920  °C,  and  the 
cubic  perovskite  phase  above  920  °C,  which  reverts  to  the  hexago¬ 
nal  phase  when  cooled  down  to  774  °C  [3  ].  Among  the  various  phase 
structures,  the  cubic  perovskite  phase  shows  the  highest  electronic 
and  ionic  conductivity  [4].  The  electronic  conductivity  of  SrCo03_5 
cubic  perovskite  exceeds  the  conductivity  of  the  low-temperature 
phase  by  one  order  of  magnitude  [5].  However,  the  reversible  tran¬ 
sition  to  the  hexagonal  phase  occurs  at  temperatures  below  920  °C. 
This  transition  also  leads  to  the  modification  of  electronic  behavior 
of  SrCo03_5  cubic  perovskite,  which  affects  the  transport  proper¬ 
ties  of  this  material  [6].  Further  studies  have  demonstrated  that 
the  hexagonal  phase  at  room  temperature  is  almost  impermeable 
to  oxygen  [7];  this  limits  its  application  in  the  aforementioned  elec¬ 
trochemical  devices.  Therefore,  the  stabilization  of  the  cubic  phase 
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at  room  temperature  is  necessary  to  use  effectively  SrCo03_5  oxide 
for  various  technological  applications.  Extensive  research  has  been 
performed  to  improve  the  stability  of  this  phase  [8-18].  Solid  solu¬ 
tions  of  SrCo03_5  oxide  with  cubic  perovskite  structure  have  been 
successfully  applied  in  intermediate-temperature  solid  oxide  fuel 
cells  (IT-SOFCs)  as  a  cathode  [19-26]. 

Nagai  et  al.  reported  that  various  cations  that  substituted  Co 
in  SrCo03_5  oxide  produced  perovskites  with  decreasing  stability 
in  the  following  order:  Nb  > Ti  >  Fe  >  La  >  V  [  1 1  ].  Our  recent  studies 
have  suggested  that  the  SrCoi  _y  Nby  03_5  materials  not  only  possess 
high  stability,  but  also  display  good  cathodic  performance  in  the 
IT-SOFCs  when  y>  0.10  [20].  To  extend  our  work,  we  studied  the 
properties  of  SrCoi_yTiy03_5  oxides  as  potential  cathode  materials 
for  IT-SOFCs.  The  effects  of  Ti  substitution  in  the  Co  site  on  the  phase 
structure,  electrical  conductivity,  thermal  expansion  behavior,  and 
cathode  performance  was  investigated.  The  performance  of  cells 
using  SrCo!_yTiy03_5  (y  =  0.05-0.20)  cathodes  in  an  LaGa03-based 
electrolyte  is  also  presented. 

2.  Materials  and  methods 

2.1.  Preparation  of  materials 

The  SrCoi_yTiy03_5  (SCTy,  y  =  0.00-0.20)  oxides  were  synthe¬ 
sized  via  a  solid-state  reaction  using  SrC03  (99%),  Co304  (99%), 
and  Ti02  (98%)  as  raw  materials.  Stoichiometric  amounts  of  raw 
materials  were  mixed  thoroughly,  and  the  mixtures  were  pressed 
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into  pellets  and  calcined  repeatedly  at  1000  and  1100°C  for  10  h 
in  air,  with  intermediate  grinding.  The  calcined  samples  were 
reground,  pressed  into  pellets  (13  mm  diameter,  1  mm  thickness) 
and  cylinders  (6  mm  diameter,  5-7  mm  thickness)  at  220  MPa 
for  the  electrical  conductivity  and  thermal  expansion  measure¬ 
ments,  and  were  finally  sintered  at  1200°C  for  10  h  in  air.  The 
Lao.gSro.iGao.8lVIgo.203-5  (LSGM),  Ceo.8Smo.2O1. 9  (SDC)  and  NiO 
powders  were  synthesized  through  the  glycine-nitrate  process 
[27].  The  dense  LSGM  electrolyte  pellets  were  prepared  by  sinter¬ 
ing  the  samples  at  1450  °C  for  lOh.  The  NiO/SDC  composite  anode 
was  obtained  by  mixing  NiO  powder  with  SDC  powder  at  a  weight 
ratio  of  65:35  (NiOiSDC). 

2.2.  Characterization  of  materials  and  cell  test 

The  crystalline  structures  of  the  synthesized  samples  were 
characterized  by  XRD  using  Cu  Ka  radiation  (Rigaku-D-Max  7A, 
X  =  0.1 541 8  nm).  The  XRD  patterns  were  obtained  at  room  tempera¬ 
ture  by  step  scanning  in  the  range  of  20°  <20  <  80°  at  an  increment 
of  0.02°.  The  thermal  expansion  coefficient  (TEC)  was  measured 
in  sintered  cylinders  with  a  push-rod  dilatometer  (Netzsch  DIL 
402C)  in  the  temperature  range  of  30-1 000  °C  at  a  heating  rate 
of  5  °Cmin-1,  using  A1203  as  the  reference.  Air  was  used  as  purge 
gas,  and  the  flow  rate  was  controlled  at  60  mL  min-1 .  The  electrical 
conductivity  of  the  sample  was  measured  between  50  °C  and  850  °C 
in  air,  using  the  van  der  Pauw  method. 

For  the  electrochemical  performance  studies,  symmetrical  cells 
of  SCTy/LSGM/SCTy  were  prepared  by  screen  printing  SCTy  slurry 
onto  both  sides  of  the  LSGM  electrolyte  pellets,  followed  by  cal¬ 
cining  at  950  °C  for  2  h  in  air.  The  a.c.  impedance  spectroscopy  was 
performed  using  an  electrochemical  analyzer  (CHI604D,  Chenhua) 
over  the  temperature  range  650-800  °C,  in  air.  The  frequency  range 
for  the  a.c.  impedance  measurement  was  from  0.1  Hz  to  100  kHz, 
and  the  signal  amplitude  was  10  mV.  The  electrolyte-supported 
single-cell  was  fabricated  using  300  |jim-thick  LSGM  electrolyte 
pellets,  SCTy  as  cathode,  and  NiO/SDC  as  anode.  To  prevent  a  chem¬ 
ical  reaction  between  Ni  in  the  anode  and  the  LSGM  electrolyte 
during  sintering,  an  SDC  interlayer  was  first  introduced  between 
the  electrolyte  and  the  anode,  and  was  sintered  at  1300  °C  for  1  h. 
The  anode  was  screen-painted  onto  the  SDC  interlayer  and  subse¬ 
quently  sintered  at  1 250  °C  for  4  h  in  air.  Similarly,  the  SCTy  cathode 
was  screen-painted  onto  the  opposite  side  of  the  LSGM  pellets  and 
calcined  at  950  °C  for  2  h.  The  single-cell  performance  was  tested  at 
various  temperatures  using  dry  hydrogen  as  fuel  and  ambient  air 
as  oxidant. 

3.  Results  and  discussion 

3.1.  Phase  structure 

Fig.  1  shows  the  room-temperature  XRD  patterns  of  the  SCTy 
samples  (y  =  0.00-0.20)  sintered  in  air  at  1200°C  for  lOh.  A  sig¬ 
nificant  difference  was  observed  between  the  XRD  patterns  of 
the  undoped  SrCo03_5  and  SCTy  (y  =  0.05-0.20)  samples.  The 
undoped  SrCo03_5  adopted  a  hexagonal  phase  with  the  distorted 
2H-BaNi03-type  structure  [3,4,11],  whereas  the  Ti-substituted 
SrCo03_5  at  y  =  0.05-0.20  crystallized  in  a  cubic  perovskite  struc¬ 
ture.  This  variation  suggests  that  the  substitution  of  Ti  for  Co  in 
the  SCTy  oxides  (0.05  <y<  0.20)  efficiently  stabilized  the  cubic 
perovskite  phase  at  room  temperature,  which  was  in  good  agree¬ 
ment  with  the  previous  report  of  Kharton  et  al.  [8].  The  unit-cell 
parameters  of  SCTy  oxides  with  various  Ti  substitution  con¬ 
tents  were  calculated  based  on  the  cubic  perovskite  structure  at 
room  temperature  (Table  1 ).  The  unit-cell  parameters  of  the  SCTy 
oxides  increased  with  increasing  Ti  content.  The  ionic  radii  of 


Fig.  1.  Room-temperature  XRD  patterns  of  the  SCTy  samples  (y  =  0.00-0.20)  sintered 
at  1200  °C  for  10  h  in  air. 


Table  1 

Unit-cell  parameters  and  TECs  of  the  SCTy  materials. 


Sample  y 

Unit-cell  parameters 

TECx  10“6 

(K"1) 

a  (nm) 

V  (nm3) 

30-400 °C 

400-1000°C 

30-1000 °C 

0.05 

0.38754 

0.05820 

18.3 

23.0 

21.2 

0.10 

0.38725 

0.05807 

18.9 

25.4 

22.9 

0.15 

0.38780 

0.05832 

18.1 

24.7 

22.2 

0.20 

0.38799 

0.05841 

19.1 

25.3 

23.0 

the  Co3+/Co4+  and  Ti3+/Ti4+  in  six-coordination  are  0.061/0.053 
and  0.0670/0.0605  nm,  respectively  [28].  Therefore,  the  unit-cell 
parameters  of  SCTy  are  expected  to  increase  with  increasing  Ti 
content  due  to  the  substitution  of  the  smaller  Co  ions  by  the 
larger  Ti  ions.  Similar  trends  in  the  unit-cell  parameters  were 
also  observed  in  the  SCTy  oxides  reported  by  Kharton  et  al. 
[8]. 

3.2.  Thermal  expansion  and  phase  stability 

Fig.  2  shows  the  thermal  expansion  curves  of  the  SCTy  sam¬ 
ples  between  30  °C  and  1 000  °C  in  air.  The  thermal  expansion  curve 
of  the  undoped  SrCo03_5  sample  is  distinctly  different  from  those 


Fig.  2.  Thermal  expansion  curves  of  the  SCTy  samples  (y  =  0.00-0.20)  between  30  °C 
and  1000  °C  in  air. 
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Fig.  3.  Differential  curves  of  A L/L0  against  temperature  for  the  SCTy  samples 
(y  =  0.00-0.20)  in  air. 


of  the  SCTy  (y  =  0.05-0.20)  samples.  This  is  mainly  attributable  to 
the  three  polymorphs  of  undoped  SrCo03_5  oxide  at  the  range  of 
room  temperature  to  1200°C  [3].  The  SCTy  (y  =  0.05-0.20)  samples 
showed  linear  expansion  in  the  low-temperature  range  (30-400  °C) 
and  high-temperature  range  (400-1000  °C),  and  the  slope  of  the  lin¬ 
ear  expansion  curves  increased  at  high  temperatures.  The  increased 
slope  is  due  to  the  loss  of  oxygen  from  the  lattice  at  high  temper¬ 
atures  and  the  consequent  change  from  the  smaller  ionic  radius 
of  Co4+  to  the  larger  the  ionic  radii  of  Co3+  or  Co2+,  which  has 
been  demonstrated  by  TGA  [20,24,29,30].  The  average  TEC  val¬ 
ues  were  calculated  from  the  two  temperature  ranges  (Table  1). 
The  average  TEC  values  of  the  SCTy  system  are  still  higher  within 
30-1 000  °C  (Table  1)  than  the  typical  ranges  for  SOFCs,  but  they 
fall  within  the  range  of  those  of  other  cobalt-based  perovskite 
cathodes  [2,31,32].  Similar  thermal  expansion  behavior  has  been 
observed  in  the  SrCoi_yNby03_5  [20]  and  SrCoi_xSbx03_5  [24] 
materials. 

Fig.  3  presents  the  differential  curves  of  A L/L0  against  tem¬ 
perature  for  the  SCTy  samples  between  30  °C  and  1000°C.  The 
plots  demonstrate  clearly  the  thermal  stability  and  the  variation 
in  phase-transition  temperature  of  the  SCTy  system.  At  920  °C, 
a  sudden  change  corresponding  to  the  hexagonal-to-cubic  struc¬ 
tural  phase-transition  occurs  in  the  differential  curves  of  the 
undoped  SrCo03_5  sample  [3].  However,  no  markedly  abrupt 
changes  attributable  to  structural  phase-transitions  were  observed 
at  around  920  °C  for  the  SCTy  samples  with  y  =  0.05-0.20.  These 
trends  suggest  that  the  structural  phase-transition  in  SCTy  oxides 
could  be  efficiently  inhibited  by  the  substitution  of  Ti  for  Co,  which 
is  in  good  agreement  with  the  aforementioned  XRD  study.  In  addi¬ 
tion,  a  weak  abrupt  change  was  observed  at  around  400  °C  in 
the  differential  curves  of  A L/L0  versus  temperature  for  the  SCTy 
(y  =  0.05-0.20)  samples.  This  corresponds  to  the  reduction  of  Co4+ 
to  Co3+  and  the  loss  of  oxygen  from  the  lattice  [20,24,29,30].  Inter¬ 
estingly,  the  phase-transition  temperature  shifted  from  ~460°C 
for  y  =  0.05  to  ~400  °C  for  y  =  0.20  with  increasing  Ti  content.  This 
is  mainly  because  the  substitution  of  Co  by  Ti  in  SCTy  weak¬ 
ens  the  Co-0  bond  and  allows  easier  release  of  oxygen  when 
the  SCTy  samples  are  heated  [33].  Therefore,  the  phase-transition 
temperatures  observed  in  samples  decreased  with  increasing  Ti 
content.  A  similar  decrease  in  the  phase-transition  tempera¬ 
ture  of  SrCoi_yNby03_5  has  been  observed  in  our  latest  study 
[20], 


Fig.  4.  Temperature  dependence  of  the  electrical  conductivity  of  the  SCTy  samples 
(y  =  0.00-0.20). 


3.3.  Electrical  conductivity 

Fig.  4  shows  the  temperature  dependence  of  electrical  con¬ 
ductivity  of  the  SCTy  samples  (y  =  0.00-0.20)  in  air.  The  electrical 
behavior  of  the  undoped  hexagonal  SrCo03_5  is  different  from  those 
of  SCTy  (y  =  0.05-0.20).  The  undoped  sample  behaved  similarly  to 
a  semiconductor,  since  its  conductivity  increased  from  1.5  S  cm-1 
to  34 Son-1  between  50 °C  and  850 °C.  The  substitution  of  Ti  for 
Co  significantly  improved  the  electrical  conductivity  of  the  SCTy 
(y  =  0.05-0.20)  samples  because  the  high-temperature  cubic  phase 
was  stabilized  at  room  temperature,  as  confirmed  from  the  XRD  and 
thermal  expansion  studies.  The  conductivity  of  the  SCTy  samples 
was  lower  compared  with  those  of  the  SrCoi_yNby03_5  materials 
(182,  145, 112,  and  825cm-1  at  800 °C  for y  =  0.05,  0.10,  0.15.  and 
0.20,  respectively  [20]).  However,  all  SCTy  samples  (y  =  0.05-0.20) 
showed  conductivity  >71  Son-1  between  600  °C  and  800  °C,  which 
is  acceptable  for  materials  used  as  cathodes  in  IT-SOFCs. 

A  semiconductor-like  to  metallic-like  transition,  observed  at 
about  400  °C  for  the  SCTy  (y  =  0.05-0.20)  samples  (Fig.  4),  is  asso¬ 
ciated  with  the  reduction  from  Co4+  to  Co3+  and  the  oxygen 
loss  from  the  lattice,  as  demonstrated  by  the  thermal  expan¬ 
sion  study.  The  conductivity  values  of  the  samples  reached  the 
maximum  1 74-430  S  cm-1  at  about  400  °C,  and  then  decreased 
at  higher  temperatures.  Similar  results  have  been  reported  in 
the  SrCoi_yNby03_5  and  SrCoi_ySby03_5  systems  [20,24].  The 
formation  of  the  cubic  perovskite  phase  significantly  improved 
the  electrical  conductivity  of  the  SCTy  (y  =  0.05-0.20)  samples. 
The  sample  with  y  =  0.05  had  the  highest  electrical  conductiv¬ 
ity  (430  S  cm-1  at  375  °C).  However,  the  electrical  conductivity 
decreased  with  further  increase  in  the  Ti  content.  The  electronic 
conduction  process  in  the  SrCo03_5-based  cubic  perovskites  pro¬ 
ceeds  through  hopping  between  the  oxygen  ion  and  the  adjacent 
Co-site  cations  along  the  Co4+-02_-Co3+  network  due  to  the  over¬ 
lapping  between  the  Co:3d  and  0:2p  orbitals  [4].  With  an  increase 
in  the  Ti  content  in  SCTy  oxides,  the  amount  of  non-conducting  Ti-0 
bonds  progressively  increase,  whereas  the  conducting  Co-0  bonds 
decrease.  This  hampers  the  electronic  transport  [20,24]  and  results 
in  a  decrease  in  electrical  conductivity. 

3.4.  Area-specific  resistance 

The  electrochemical  performance  of  the  SCTy  cathodes  was 
assessed  by  a.c.  impedance  spectroscopy  on  a  symmetrical  cell 
of  SCTy/LSGM/SCTy  at  various  temperatures.  Fig.  5  shows  the 
typical  impedance  spectra  of  the  SCTy  cathode  (y  =  0.05)  on  the 
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Fig.  5.  Typical  impedance  spectra  of  the  SCTy  cathode  (y  =  0.05)  on  the  LSGM  elec¬ 
trolyte,  measured  at  700-800 °C  in  air.  The  ohmic  resistance  was  subtracted  from 
the  experimental  data. 

LSGM  electrolyte  at  700-800  °C  in  air.  Similar  impedance  spec¬ 
tra  were  also  observed  for  other  samples  with  y  =  0.1 0-0.20.  The 
impedance  data  were  fitted  by  the  Z-view  software  using  the  equiv¬ 
alent  circuit  shown  in  the  inset  of  Fig.  5.  The  impedance  response 
comprises  two  distinct  depressed  arcs  in  the  high  and  low  fre¬ 
quencies,  which  correspond  to  at  least  two  electrode  processes 
(Fig.  5).  The  high-frequency  intercept  represents  the  ohmic  resis¬ 
tance  of  the  cell,  whereas  the  low-frequency  intercept  represents 
the  total  resistance  of  the  cell.  The  area-specific  resistance  (ASR) 
was  estimated  from  the  difference  between  the  high-  and  low- 
frequency  intercepts  in  the  impedance  spectra.  The  overall  ASR 
includes  two  cathode-electrolyte  interface  resistances  for  the  sym¬ 
metrical  cell.  The  overall  ASR  was  divided  by  two  to  obtain  the 
single  cathode-electrolyte  interface  resistance.  The  ASR  values  of 
SCTy  (y  =  0.05-0.20)  cathodes  on  the  LSGM  electrolyte  between 
700  °C  and  800  °C  are  shown  in  Fig.  6.  The  ASR  values  were  sig¬ 
nificantly  reduced  with  increasing  temperature.  For  example,  the 
ASRs  decreased  from  0.1 7  £2  cm2  at  700  °C  to  0.084  £2  cm2  at  750  °C, 
to  0.054  £2  cm2  at  800  °C  for  the  cathode  withy  =  0.05.  Moreover,  at 
a  given  temperature,  the  ASRs  of  the  SCTy  cathodes  increased  with 
the  Ti  content  from  y  =  0.05  to  0.20  (Fig.  7).  These  trends  are  due  to 
the  decrease  in  the  oxygen  vacancy  content  and  electrical  conduc- 


Fig.  6.  Variations  in  the  ASR  values  with  temperature  for  the  SCTy  cathodes 
(y  =  0.05-0.20). 


Fig.  7.  Typical  impedance  spectra  of  the  SCTy  cathodes  (y  =  0.05-0.20)  measured  at 
800  °C  in  air.  The  ohmic  resistance  was  subtracted  from  the  experimental  data. 

tivity  in  the  SCTy  samples  with  increasing  Ti  content.  Kharton  et  al. 
demonstrated  by  examining  the  ceramic  densities  that  the  oxygen 
vacancy  of  the  SCTy  samples  decreased  with  increasing  Ti  content 
[8],  and  resulted  in  the  decrease  of  oxygen  reduction  reaction  in  the 
cathodes. 

To  further  identify  the  contribution  of  the  aforementioned  two 
processes,  the  ASR  values  of  each  process  were  obtained  by  fitting 
the  impedance  data  with  the  equivalent  circuit  (Fig.  5).  The  high- 
frequency  resistance  R2  is  related  with  the  charge-transfer  process. 
The  low-frequency  resistance  R3  is  attributed  to  the  diffusion 
processes  [24].  The  high-frequency  resistance  R2  is  consistently 
lower  than  the  low-frequency  resistance  R3.  This  suggests  that 
the  charge-transfer  process  is  the  rate  limiting  step  in  the  overall 
polarization  process.  A  similar  trend  in  each  polarization  contri¬ 
bution  has  also  been  reported  for  the  SrCoi_xSbx03_5  cathodes 
[24].  In  addition,  the  R2  value  decreases  and  the  R3  value  increases 
with  increasing  temperature,  respectively.  This  is  mainly  due  to 
the  reduction  of  the  electrical  conductivities  and  the  increase  of 
the  oxygen  vacancies  in  the  SCTy  samples  as  the  temperature  is 
increased. 

Fig.  8  shows  the  Arrhenius  plots  of  the  ASR  values  for  SCTy 
cathodes  (y  =  0.05-0.20)  on  the  LSGM  electrolyte.  The  activation 
energies,  calculated  from  the  slope  of  the  fitted  line,  are  132.0, 
117.5,  122.0,  and  1 26.4 kj mol-1  for  cathodes  withy  =  0.05,  0.10, 
0.15,  and  0.20,  respectively.  The  activation  energies  of  ASR  for  the 
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Fig.  9.  Electrochemical  performance  data  of  the  NiO-SDC/SDC/LSGM/SCTy  single  cells  using  dry  H2  as  fuel  and  ambient  air  as  oxidant  in  the  temperature  range  of  650-800  °C: 
(a)  y  =  0.05,  (b)  y  =  0.1 0,  (c)  y  =  0.1 5  and  y  =  0.20. 


SCTy  cathodes  are  higher  than  the  activation  energies  of  1 04.4, 98.9, 
and  93.9  kj  mol-1  for  the  SrCoi_yNby03_5  cathodes  at  y  =  0.1 0, 0.1 5, 
and  0.20,  respectively  [20].  The  higher  activation  energy  can  be 
attributed  primarily  to  the  lower  conductivity  of  the  SCTy  cathodes 
compared  with  those  of  the  SrCoi_yNby03_5  cathodes,  as  discussed 
in  Section  3.3. 

3.5.  Cell  performance 

Fig.  9  demonstrates  the  variation  in  cell  voltage  and  power  den¬ 
sity  as  a  function  of  current  density  for  NiO-SDC/SDC/LSGM/SCTy 
cells  between  650  °C  and  800  °C.  The  power  densities  of  the  cells 
with  y  =  0.05,  0.10,  0.15,  and  0.20  reached  maxima  of  793,  608, 
525,  and  425  mW  cm-2  at  800  °C,  respectively.  Data  for  maximum 
power  density  of  the  cells  at  various  temperatures  are  shown  in 
Fig.  10.  The  maximum  power  density  decreased  with  increasing  Ti 
content  for  a  given  temperature;  this  is  in  good  agreement  with 
the  electrical  conductivities  and  impedance  spectra  previously  dis¬ 
cussed.  The  cell  performance  of  the  SCTy  cathodes  was  lower  than 
that  of  the  SrCoi_yNby03_(5  cathodes  in  a  recent  report  [20].  This 
characteristic  can  be  attributed  mainly  to  the  reduction  of  the  elec¬ 
trical  conductivity  and  the  increase  of  ASR  in  the  SCTy  cathodes 
relative  to  those  of  the  SrCoi_yNby03_5  cathodes.  Flowever,  the 
cell  performance  observed  in  the  present  study  is  comparable  to 
those  of  cells  that  use  SrCoi_yNby03_5  cathodes;  these  may  be 
particularly  significant  for  applications  in  IT-SOFCs.  In  particular, 
the  SCTy  at  y  =  0.05  cathode  displayed  excellent  performance.  This 
suggests  that  SCTy  is  a  candidate  for  use  in  cathode  materials  in 
IT-SOFCs. 


Fig.  10.  Variations  in  the  maximum  power  density  with  Ti  content  at  different 
temperatures. 


4.  Conclusions 

The  SCTy  (y  =  0.00-0.20)  perovskites  were  assessed  as  potential 
cathode  materials  for  IT-SOFCs  on  LSGM  electrolyte.  The  substitu¬ 
tion  of  Co  by  Ti  in  the  SCTy  oxides  (y  =  0.05-0.20)  not  only  efficiently 
stabilized  the  high-temperature  cubic  perovskite  phase  of  these 
compounds  at  room  temperature,  but  also  greatly  improved  their 
electrical  conductivity.  The  electrical  conductivities  of  the  sam- 
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pies  with  y  =  0.05-0.20  were  160-268,  117-191,  96-152,  and 
71 -1 06  S  cm-1  between  600  °C  and  800  °C.  The  electrochemical 
performance  of  the  SCTy  cathodes  decreased  with  increasing  Ti  con¬ 
tent.  At  800  °C,  the  maximum  power  densities  of  the  cells  that  used 
cathodes  withy  =  0.05,  0.10,  0.15,  and  0.20  reached  793,  608,  525, 
and  425  mW cm-2,  respectively.  These  characteristics  suggest  that 
SCTy  oxides  are  promising  candidate  materials  for  cathodes  in  IT- 
SOFCs.  Given  that  SCTy  oxides  were  observed  to  have  higher  TECs, 
lowering  the  TECs  of  these  materials  are  the  ultimate  concerns  for 
practical  application  in  IT-SOFC  cathodes. 
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